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PREFACE

This document investigates the apparently excessive
deviation existing in arresting hook load data. Families
of curves which fit hook load data from the BAK-12ER and
BAK-13 aircraft arresting systems are derived and confid-
ence intervals are applied. Procedures are established
which should aid in reducing the magnitude of data devi-
ations during future testing.
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INTRODUCT ION

BACKGROUND

Most U.S. Air Force aircraft, in the fighter and
attack categories, are equipped with arresting hooks.
The hooks are for use in stopping the aircraft during
takeoff or landing emergencies by engaging a pendant
(cable) which is stretched across the runway. The cable
is attached by nylon tapes to arresting engines (energy
absorber3) on opposite sides of the runway. The combi-

nation of cable, tapes, and arresting engines is called

a "runway arresting system." It is better known as a
"barrier" and will be referred to as such in this docu-
ment.

As new aircraft enter the Air Force inventory, their
compatibility with commonly used barriers must be deter-
mined. Conversely, as new barriers are introduced they
must be evaluated with all hook-equipped aircraft.

The process of evaluating aircraft/barrier compati-
bility requires aircraft to be arrested under controlled
conditions. Arrestments are generally conducted both on
and off the runway centerline at low, medium, and high
aircraft weights1  and at groundspeeds increasing from
approximately 60 knots in 10 knot increments. Testing
is terminated when a structural load limit is approached,
such as tail hook tensile load or landing gear vertical
or side load, or when the aircraft rotation speed is
reached.

This Technical Information Memorandum presents in
detail some solutions to the problems encountered during
barrier compatibility testinq.

OBJECTIVES

The objective of this TIM was to document the results
of a study which was conducted to:

1) Develop a curve fitting rcjtine which will, with
reasonable conservatism, generate a family of curves re-
lating maximum hook load (the dependent variable) to
aircraft engagement groundspeeds for a range of aircraft

weights.

!Henceforth in this document 'weight' infers gross weight
unless otherwise specified.

t9



2) Develop a method for barrier data analysis which
will predict, with a predetermined level of confidence,
the critical arrestment g-roundspeeds based on a knowledge
of barrier type, aircraft weight, and arresting hook
design load limit.

3) Identify types and sources of er'zr which are
responsible for the inordinate amount of deviation intrin-
sic in the barrier data which have been coll,)cted at the
AFFTC.

10



BARRIER TESTING

BARRIER DESCRIPTIONS

The Aircraft Arresting System Test Facility at the
AFFTC, shown in figure 1, is equipped with the Air Force's
twc most commonly used barriers; the BAK-12 and the
BAK-13, shown schematically in figure 2. The BAK-12 is
widely used on military airfields throughout the Conti-
nental U.S., whereas the BAK-13 is used mostly at United
States air bases in Europe and the Far East. Most U.S.
Air Force hook-equipped aircraft have been evaluated for
compatibility with each of these barriers.

The two barrier systems each convert the kinetic
energy of the arrested aircraft into heat energy; the
BAK-12 through mechanical friction and the BAK-13 through
a liquid turbine.

The standard BAK-12 can be configured for best per-
formance with either 40,000 or 50,000 pound aircraft,
through a combination of internal adjustments and changes
in amount of tape stored on each arresting engine. The
standard BAK-12 utilizes 950 feet of tape.

The unit currently in use at the AFFTC is known as
an "extended runout" version of the BAK-12 and is desig-
nated the BAK-12ER. It has 1,200 feet of tape and is
designed for best performance with aircraft weighing
approximately 40,000 to 60,000 pounds. It has demonstrated
the capability to arrest aircraft weighing from 18,000
to 90,000 pounds without damage to itself or the aircraft.

The BAK-13 is more efficient in dissipating heat
than the BAK-12ER. Although it has only 950 feet of
tape it performs best with aircraft weighing approximately
40,000 to 70,000 pounds. It has also successfully arrested
aircraft weighing from 18,000 to 90,000 pounds. Because
of the shorter runout, BAK-13 hook loads are greater
than those generated by the BAK-12ER for a given aircraft
kinetic energy.

Both the BAK-12ER and the BAK-13 have a maximum
capacity of 85 million foot-pounds. Each can arrest a
53,000 pound airplane at 190 knots maximum groundspeed,
or an 80,000 pound airplane at 150 knots maximum qround-
speed.

11
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Best performance in these barriers is developed when
the hook load is nearly constant during the steady braking
part of the runout. Figure 3 shows typical histories
of aircraft hook loads at low, medium, and high weights
versus runout distances. The areas under the curves
represent the energy absorbed by the barrier. The peak
amplitude of the hook load is a function of the aircraft
groundspeed and the point in the runout at which it is
developed is a function of the aircraft weight. It is
important to note that the groundspeeds referred to are
engagement speeds. During the time period between cable
engagement and the onset of maximum braking, some aircraft
velocity is lost. This is accounted for in the energy
required to accelerate the arresting engines, stretch
the tapes, etc. An exception to this is the case of
light aircraft such as the F-5, wherein the maximum hook
load may occur at the instant of cable impact.

AIRCRAFT/BARRIER COMPATIBILITY

Compatibility between an aircraft and a barrier can
be defined as the quality that allows them to interact
harmoniously. The extent of this harmony can be expressed
through the severity of the limitations that the barrier
imposes on the aircraft arrestment conditions. Complete
compatibility would require that the aircraft be capable
of being arrested at any operational combination of weight
and groundspeed within the kinetic energy limit of the
barrier, within the load limit of the tail hook, and at
any distance from the centerline of the runway up to 20
percent 2 of the barrier cable length. The most frequently
encountered barrier-imposed limitations involve the ar-
resting hook (tail hook) and nose landing gear structures.

Typical Test Approach:

The test aircraft is usually equipped with instrumen-
tation for recording tail hook and nosegear loads and
other critical parameters during arrestment tests. The
data is also telemetered to a ground station where it
is displayed in real time on strip chart recorders for
comparison with tail hook and nosegear design load limits.
The purpose of the tests is the determination of the
arrestment conditions under which these limits are ap-
proached.

As testing proceeds the maximum hook loads obtained are
plotted against the corresponding engagement groundspeeds.
An approximating curve is drawn through the resulting

2From Military Specification MIL-A-83136, paragraph

4.3.3.1. (reference 11)
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scatter diagram and extrapolated through the hook design
load limit. The groundspeed at which the curve crosses
the hook design load limit is tentatively taken as the
hook limit speed.

The above procedure is not always satisfactory because
of uncertainty involved in constructing the approximating
curve. There is a large amount of deviation in arresting
hook load data, and the number of data points obtained
at each test condition is seldom greater than approximately
ten. This is the number of test runs generally required
to cover the build-up in ground speed from approximately
60 knots to the hook limit speed.

After the testing is completed and all the hook
load/velocity data have been reduced they are analyzed
more thoroughly. To avoid individual judgement in curve
fitting the method of least squares is used. Various
equations for approximating curves are written, each of
which is fitted to the data in the least square sense.
The correlation coefficient, which indicates the degree
of association between the dependent and independent
variables, (estimated from the regression line) is then
determined for each of the equations. The equation for
the curve having the correlation coefficient with the
highest absolute value is, by definition, the one best
correlated with the data. A confidence interval estimate,
which is a function of the standard deviation of the data
about the regression line (curve), is then calculated.
It has dimensions of hook load (pounds) and defines bounds
above and below the regression line. If we assume the
data distribution is normal, the upper and lower bounds
of the 90-percent confidence interval are determined by
multiplying the standard deviation by 1.6453. Then,
for approximately normal distribution, we can expect to
find a hook load/velocity data point lying within the
confidence interval 90-percent of the time.

Shortcomings:

Curves relating hook load and groundspeed derived by
the above method have some inherent shortcomings.

1) They are excessively conservative.

2) They do not "family" on an aircraft weight basis.

'The confidence coefficient for a confidence level of
90% is 1.645. (From Schaums Outline Series of Statistics,
Chapter 9, page 157)
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3) The conf idence interval has a constant width
which infers that the standard deviation is constant along
the length of the curve.

Shortcoming number one results from too small a sample
size. Normal data distributions usually have a sample
size of at least 30.

Shortcoming number two exists because each of the
curves in the weight family is generated by a different
equation. As the constants in the equations are changed
the slope of the line (or the shape of the curve) changes
in such a way that it sometimes intersects adjacent mem-
bers of the family.

Shortcoming number three comes about because the con-
fidence interval estimate, although correctly determined,
is incorrectly applied. The standard deviation used in
determining the confidence interval estimate refers to
the deviation of hook load samples with respect to the mean
hook load, which is at the centroid of the scatter diagram.
The part of the hook load curve of greatest interest is the
region where it crosses the design limit hook load. This
is generally in the high speed region of the curve, far
removed from the data centroid.

-ARRIER DYNAMICS

Aircraft arrestment by these barriers consists of
three events; cable engagement, barrier acceleration,
and aircraft deceleration. Cable engagement and barrier
acceleration constitute the "dynamic" portion of the
arrestment during which the barrier reels are accelerated
and the cable and tapes are stretched. Following the
dynamic period the barrier applies a steady (ideally
constant) braking force on the airplane. However, the
barrier is velocity sensitive and the aircraft's ground-
speed at the beginning of the steady braking period
determines the magnitude of the hook load. Heavier air-
craft loee less velocity during the dynamic period than
light aircraft and hence develop a greater maximum hook
load for a giver, engagement speed. As tape is unwound
from the barrier reels the moment-arm through which the
arresting force is applied decreases. If the aircraft
groundspeed is still high at this point, as would be the
case with a heavy aircraft such as the F-ill, the arresting
force (and hook load) increases. The result is a hook
load runout history similar to that shown in figure 3c.

Both aircraft weight and velocity are factors influ-
encing arresting hook loads. However, without a complete
analysis of the physics of the problem, the forms that
they should take in a hook load equation are not obvious.

17



THE HOOK LOAD EQUATION

The most promising approach to the first two objec-
tives was to develop individual equations that would
best fit the hook load/groundspeed data from each of the
three barriers, the standard BAK-12, the BAK-12ER, and the
BAK-13. The first step in this process was to assemble
all of the data.

ASSEMBLING THE DATA

At the time of this study there existed a large
quantity of data from Dast AFFTC barrier compatibility
programs. There were data from 545 test runs with the
BAK-13; 121 test runs with the BAK-12ER, and 96 test
runs with the standard BAK-12. The BAK-12ER and BAK-13
data are shown in figures 4 and 5 in the form of scatter
diagrams. These data were published in AFFTC Technical
Reports subsequent to the conclusion of each test program
(see bibliography). Data pertinent to this study were
taken from the reports and transferred to punched cards,
one card for each data point (test run). Computer print-
outs of the data used in this study are shown in tables
I and 2.

Identification of Errors:

During the process of assembling the data, it became
obvious that there was an inordinate amount of dispersion
in the hook load data. In order to obtain some insight
into the possible causes for the dispersion, the appro-
priate AFFTC Technical Reports were researched. The
research revealed some inconsistencies in data reduction
methods and some apparent instrumentation anomalies. The
data were carefully edited and only verifiable data were
retained.

During this editing process, it became evident that
much of the data dispersion was random in nature and
therefore self-cancelling. For each test point that de-
viated on the low-side, there was one on the high-side.
These compensating errors were unavoidable.

Systematic errors became evident too. In examining
the test reports, it was discovered that the rules for
interpreting data were not consistent. In some cases,
the effective values of the hook load were read and in
other cases the peak loads were read. In some barrier
compatibility programs, the aircraft onboard data system
introduced errors by having too low a data sampling rate

13
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Table 1

SUMM1ARY Of- BAK-12 (EATNUt C k(uNJUr AI"USIMLNJ LOAJA

A/C A/C A/ C
AVER.ALL TV S T(k i CUN ) ENGAGf-ML. AIFTIC
WLIGHT C.'<USS MAXIrdUM SP~LL0 Al DHSTANCL TkCi-NJCAL It')l

A /C CATEGORY wt-LGHT 110UKLOA) Akki-S1f'tNT Fkt)M kUAAY kkPtxT k uN
TYPE (L 6 (L1i I (Lb (K T CE NYE iRFIi N0rBLR NtMt ik

FI-t A 3 4U0U 3160o 54 t)00 114U .0 0 16-) t
F - ItA 111000 3 300 U 4 6/ICO- 130.0 0 i6-')
F-15A 341000 3330u 54'bCO 132.0 50 it,-') 5/
F- I 5 A00)U 3 1 0 fI- '1CU 0 1.0 0 7 f; 51
F - ItA ICo 00 3610oo0 dU I)C 159.0 U 6t-')
i--1 A 4C000 3 1'400 664CO 14t4.0 0 t- 5u
F - I A qCO(oo 3 71N0(f /4CG 152.0 0 CIL 6
V -15A AC000 37900 699CC 1.32.0 50)it'
FI-1A 4C000 36406 513CO 1311. C u lbS49
F-1 A 4C000 3 b 10 's4/1C C 116 .0U 15 UI-t 5 4
F-I'A 'sCO0U 36800 4()CC 120.0 0 lb-5 4so
V - I!A 51,000 132 U00 12t)CCG 154.0 0 16-1) 4)
F - 15A 154c 0 0 1)2200 's6SC I /I. () 50 I/b-5 4?
- I tA 114000 sj'/SO0C 4 7(1c 0 11 1).0 So /-5 41

F -1I' ACOO 15 Z (0U 41/C c 119.o lb-5 3 %
f- I t A 5 '000 13 500 2 1. o(;U d2. 0 0 /-5 34t
f-I !A 4000 153 5 00 64 30C 141 .0 U I 1-,) 4'4
~-I tA S4COkU 53600 /69( 14U.0 0 7 b-s I I
f- IA A540' 51k1 310 0 391CO l01.o 50, U/6-')i 40
~- IA 'i coo '1f30C 651CO 12d.1) U it-I., 5o
It A ')40'o 1.4100O 04/CO 140U. 0 06' 36

F- I tA S4C') 5 4)0 0 )5tCO l3 b .0( 5o /6')43
F - I !A 5 i0oo 54700 4) b L 101.0 35 It-5 39

1t A 18500 1/400 4 11U C 142 .9 0 8C- ? 1141

(-IA I e5 00 1/9106 0 iU C 120.1 U ec-1 43
F -I(A I e5 00 16200 1 IoL 0 12 1. i 5o1 80-7 4.9
V -I t A 16e500 18300 2/0)CC 111./1 0 80-1 42
f -ItA I e 5U o 16400 355CO 126d. 2 33) 8C-1 1
F -- I fA I1)00 1d 4 00 12 8 GC I it. I 50 IdC- 1
--I fA IP500) 18/00 2'fu CO 10 j. 3 0 8c-l 4 1

V -- I tA I~C E 1b8I d00 21/CO0 1C'32 35 6C-I '.5
I -1A I i5o 1839001 210O( 161. 50 e G-1 I /

I- - I U t 26500 2 3u00 43 GC.) 121 .2 0 bC-1 10
I E 6A 26500 14 4 00 4 1,0 c0 111.6 0 dC- I I5

-I tA C 5 U0 24'O3O e hC C 105tp. 1) b0-1 14I
FI-(EA 2t_500 25500 JUCOC (06 .' 50 eC-?

i-A ?( 5 UO 25 0) ) 2 j( IC C e1 8 0-/ i
I-C A Z65CO z2bOO 5 SCCC G '11. 3 8 C-? It

F -- I A 2b500 2b6z0 c 6'r'C 0 14 t. 1 e' 6() I'f
i -IEA 2 E5 00 2630 ')40~wco 13 3.3 U0 ts L- I6
F - IA 20500 26400 I)U cU 134.*1 1) eC-I 2
F--1U I 2 t500 26400 3 1 bC 0 10h./1 31 8()-/ 2 1
F- I fA 250 E 2T1hu5(0 3/UOc 10 1). t 0 t4C-i 1
f--I (A 200 5 '0 0 3600 IuCO 105.0 )d( 8-l 1 2
F- IfA 6501) 2 9o 0L 4 10C 0 110.2 0 d0-I 1 1
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(Cont inued)
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F-ItA 20500 26900 15000 6819 0 SL-1 z
F- JtA zt5o0 2 1000 400CC 118.1 0 80-1 812
F -16tA 2(:50u 21100 430C0 127. 3 50 60- 1 Z/
F --ItCA 26500 e21100 2910Co £01.0 u dC-7
F-ICA 2t50() 21100 32200O 8b.2 0 80-? It
F-ICA 2600o Z220 356C0 106.4 25 eG-1 1O

F-JtA i6500 21300 z9000 108. 1 50 8C-7 t
F -It A 26500 2/600 12000 50.1 0 8L-i I
V- I]tA 16500 21,0lo 2500C b9.5 u b (-1 I
F - ItA 3 A000 32000 It I000 110.5 0 bC-i
F --I tA 34000 32 10 ( 3 15CO 95 .9 u 80-1
PF-IetA 3 AO00 32900 29 5C0 89.9 0 80-I I
F-JtA 34000 JJOOC 51000 128.b 35 e0-i 3/
F -- I tA 3400u 3 1,0 0 360C0 122 .7 50U 8c-1 4o0

F-I(A 23I000O 314100 3dCCC 112e. 1 35 tC-1 3
FI-lA 3 4000 34200 to lco 129.9 0 cO-1 34
F -I(A J34000 3,4 4 0 3 - GC C 114.3 0 e0-/ 31
F-ICA 3I000 i4 If, 1412 CC 111.2 50 80-7 311
F-ItA J14000 14t00 390CC 12102 0 dCJ-1 31

F --I tA 31 00o 3100 o 2b000 99.8 50 80-/ 36
F- I (A 34000O 35 1CC 51 7CC 137. 5 0 80- 1P
F -IetA 34000 35200 3,1000 10d .4 0 80-1 3?

F-ItA 34000 35200 31400 9d.0 0 60-1 3u
F -IefA It C000 39900 31t 0 00 100.0 0 8 (-1 7 t
F- I IIA 60000U OoOO 24000 90.0 0 (;9-9- 35)
F - 1 1A 6C000 60000 30100 9 3.0J 0 111-9 44e
FI-IIA C-0000 60000 3/000c 114.0 P5 69-9 31
F-IlA 60000O b0000 500CC 130.0 0 69i-9 1

F-lIlA C0000 OUiOCO 541CU 134#.0 0 69-9 41
F-11lA 60000 630000 bO5CO 144.0 0 69-9 4
F -lIlIA 60000 b0000 ()b5C 0 14 1.0 0 f:9C-9 46
F-lIlA bCOOO b0000O 64000 153.0 0 L9-9 ,I2
F-IlIA 60000 60000 l31CC 169.0 0 t69 -9 4?1
F-lIlJA bCOOO bUOC 834ItCC0 172 .0 C25 t -9 14 b
U--IlIA 60000 80000 30400 61.0 u t9-4 40
F-1ilA 80000 80000 594CC 132.0 0 69 -9 "

F-l11A 8C000 80000 45*/CC 101.0 0 C9-9 5k)
F -lIlIA CCOO O~oo 6 15 C0 140.0 t 6- 9 W2
F-l IlA 8CO00 80000) 744CC 159.0 0 t;s- 9 1)1
F-lILA 90000O 90000 489CC 112.0 0 t9-9 1
F-IlA SC000 90000 4if-CC 116.0 0 69-9 154
F -lIlIA SCCOO 90000 5914CC 130.0 0 u 9-9 1)5.
VI -I IA S C00 U 90000 u 4t!0 C 13 8.0U 0 091;-91 1)b
Y A- IC 34000U 34400 '.C )0 00 11If*.6 (2 (-3 '4/1
YA-Ilu 34000O 344It00 86(0 lii. I0 .-
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Table I

(conc luded)

SULIMARY tIF 1,AK-Lf (1.Tk.NDI- U ~NdUrI AR t~hT LJA1A

A/C A/C A/C
A'VERAALA If- s (UROUNU INGAGLMENI AIft
miCl-HT IURUSS rAXIMUM SPHAL AT UIbTANCE ILCF-NICAL iV~I

A/ CAILGURY me IGHT HULIKLOAO ARRLSIMENI FROIM iKUhkAY IREPtkT RU

YIA-10 3 i0OU 3470OU 3t500 94 .8 U /8-3
YA- 1C P1000 34100 4C0 1/1.6 50 7t-3 5
YA-10 34000 3100O Z2300 -1b.0 U 18-3 i
YA-10 3 AC0U 35p100 345CO 103.1 35 Id-3 1.
YA-IC 3 AOOU 35 '00 tou ICO 1 32.0 u 76-3 1r
YA-I 1L COOU 4.1300 tP2/CO 14..1 Ul-
YA-10 4c0Ou It Idoo, SO/CO lou .4. 0 8b- 3 "1
y A -1t 40000 1420 4.U 'C5 L0 119.8 0 -8-3 5
YA- 10 4COOO '.2200 bUbCO 14 1.b 50 1) -3 5t)
Y A- 1U 1 0 0 ft 4 26b00 521CU 12 t./ 250 ib-3 Y)
YA-10 4 S5 0o 101300 1,3 6C 0 14(b5 ) .118 I-3 1) iI
Y A- 10 .9500u 4 b b0 ( 'dbUO 135.*1 U 18-3 1)
YA-10 4.9500u '9 Z 0C 4/6CC 119.', J ?e-3 t)
YA-lu 9 50U 119 2 U 7 ., I CC 1 : b. 3 So U8-3 6 3
YA-IC 4.9500 4950C 527CO 139.', 50 7t-3 61
VA-l 10 .950o 49t)00 100CC 161.3 U 18-3 62
VA- IC '.S500 4990C 4ztJCO 12b.b 50 18-3 60
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Table 2

SUMMAR~Y 01- 6AK-13 AIURLSTMENT IJATA

A/C A/C A/C
A'V[RAGEI TLST GkOLUNO LNGAGEMENtT AFFiL
WEGH GROi ~<LSS 1PAXIPUM SE'LL) AT UISTANCE TECI-NICAL I&ST

A iC CATLGUKY wE IGHT 11OUKLUAD *I'RLSTMEN1 FRU0I kUhAY RL PUMT I LN
TYPEI L (1I (L H) LB) (KT) CNTER (I-Ti NUPt4H K NUMaiLk

1--ICA 3 400U 32900 29500 89.9) 0 eC-? I
3--ItA 34000O Ilb)Oo 1SSco 129.5 0 b0-/ 0
F --I fA 34000 3 110 u() 8~Cu 91.1311 bb 1-i 10
F --I CA 34W00 314100 4tbocC 118.0 0 t8C-/ bbi
F-16A 34100o 3 45 U( 3 / 0C 110).2 50 dC-i bi1
F --I A 3A00u 3 4b60 U 4 kUC C 112.0 U.) eC-/ *
F-1fA 34000 3 )000 460CC 101,.2 u 80-1 b'.
F--I CA 2 A00 35101 35 0cC0 101.*3 50 eC-7 bts
F-16A 41000 19900 3A0CC 100.0 U 80--/7
I--ICC e6CO 0 z5 000( 3 C )cC 90.0 u 6 l- 1 191
F--IC0 i6C0() I t 0 0 lt iu C 0 120.0 35 69-3 2'1
F-ICC i6000 2!sOCo 60UCO 136.0 35 69-3 193
F-ICC) 26000 25000 60CC 14.890 35 69-3 L9't
F-Idl 34000 35000 62000 141L.0 35 6S-3 III
F-1(1 34000 35000 bfOCO 141.0 35 69-3 1/1i
EI-IIA ei000 8 J000( 910C0 149.0 0 69-3 .1%t
F-lIlA C00 bOOCOu 1b000 144.0 0 69-9 0
F-111A e4C0U bio~oO 900Co 149.0 01 c6-9 31
F-lIlA 6C000 60200 b99CC 157.0 0 13-36- 65
F-lIlA 10000 t 6400 15800 1150 5 ?3-3b id
F-lilA 7COOO 11000 72OCO 140.0 0 13-36 15
F-lIlA ICOOU 11600 890CC 151.0 75 73-36 bit
F-lIIA -iCCOU 12900 s900 159.0 0 73-3b 19)
F-lIlA jCCOO 13000 590CC 116.0 0 73-36 71
F - IlIA !COOO 1330U0 ( b35 C0 121.0 75 13-36 13
F-111A e4C00 b0900 b/8C0 120.0 0 73-16 88
F-lIlA Ei000 817100 101500 154.0 073-36 87
F-111A f4C00 84,300 614CO 121.0 70 13-36 9?
V--lilA 84000 d4500 8t)500 1140.0 0 73-36 8o
I--IIlA E4000 lduSOC b40CO 131.0 70 13-16 100
YA-1U 3400u 3/600 443CO 114.0 50 18-3 1L
YA-IC 34000 32600 41400 118.7 75 78-3 1't
YA-10 14A00 32600 532CC 13093 75 78-3 It
YA-10 34000 3300C 325CC 9b.3 25 7k!-3 10
YA-10 34300U 3330U 453CC. 116.6 50 7e--1 13
YA-iGj 3 400u '13 300 5i0CC 130.3 50 ib-3 lu
YA-10 34000 33500 25300 81.3 0 18-3 1
YA-10 31C00 3390C 512CC 121.2 50 le-3 0
YA-iCj 34000 34,000 1(4CC 49.3 0 18-3 1
YA-IC 34C00 34000 Z95CC 92z.8 75 78-3 12
YA-10 34000 34000 38400 111.4 0 78-3 9
YA-1C 34000 34000 530cC 128.6 Z5 ie-3 115
YA-10 34000 34100 019CC 133.5 U 16-3 1)
YA-10 34000 34500U 36500 89.0 078-3 /
YA- 10 34000 31000 5GCO 114.6 0 718-3 4a
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Table 2

(Continued)

SUMMAKY k4- bAK-iL ORH4ITM:N1 VAJA

A/C A/C A/C
AVERAGEI JESTI GlRUUNi) kNCAGL~M1NT AtjIL
wk IGHT GRUSS MAX1FMUM SPIAA) Al L)ISrANUf rEhNILAL It I

A/( LATEGURfY WE I GHT IILJIKLUAV ANIS I P&NhT FI(IJP RUhAY iPFUk I ccUiN
IyvPk (8 (LB I (Lbt) (KT I C&:N1k (F-1) N Lfvbk& k uptit 0

F-1~ I 6 :CCOO 59200 521000 113.9 b0 8C-33 11
F-1%c f-CC00 59300 353C0U 91.3 W) 8(1-3 1 '
F-15C bCCOO 591,00 '4O 0Co 10 1.1 4U 80-33 it
F - I C f:C 0o0 595 00 36 C0 C 9 L.5 4 U d C- 3. 21
F- I tC tCcou 5980u 4 4@oc n 101.9 Q d C- 33
U--1tC 6 CC OU 59800 t300 ?IC 13.5 (J kil J
F-15C 6 O 59900 61?0C 0 1 o?6.3 L1) tec-33
F-15C teCO~O 59900 tbbCCO 134.02 U 0(C-3j
F-15L 60000 O00U z10CC 80.0 (60 k:'.
I-- I C 60000U bUOOO It IUCO 101409 ()0 dC-il I
F-btC 60000 61C00 380CC 91.9 40 tI0-33 /
F-bcL 60000 6~100 110CC 14.0. U dC-ilJ
f-15C 100 COO) 6b00 .30c t0. 1 60 8C-33 /
F-I C co o(0 12/0c, 510CC 102.0 b0 dC-33
F-ItC 1OCOO t)7500 39COC 89.1 60) EC-33 S
F-ltC ICCOO 0790,1 350CC 90.41 40 8C-33 2
F-C L COaO 6b100 1550 cc 108.6 40 bc-j3 3t
F--bC fCCOO b830U 4140cO 101.2 1, U 0-33 31#
F-ICA 19000 1/800 3thUCCr 1C0.1 U dC-I I
F-ItA 19000 1 19o0 330CC I f C. I '50 bO-1 I/
F- ICA 19C00 18100 z/cCO 96.2 01 dC-f It
F-lIeA 1sC00 I1d 0 330C1 CO LOo .L 1 80-i It,
F -16tA 19000 18700 5 tooco 130.3 SO0t c- I 1i
F-leA 19000 1900C 61000 13t).5 U 86-1 /1)
F- I tA I scoo 19300 38oCo 1213.0 50 dC-I 1'0
k-IEA 19000 19500 1 AC C C 12.2 0 ULC/ I,#
F-1I6A 19000 19 50 U 80 co 10 1. 5 115k C -IvI
FI CA 19000 19m0) 4 3 L C 0 1 8 0 bC-1 / j
F-lIeA I9COt) 20 10 0 3 100c 114.0 50 eC-II ts
F-1UA '? 00 1 f 4810 U t I U 0 135.b6 0 tdC- I t
F--ICA 2600 /20 56CUO 130.0 0 8L-1 it
F-ICA iCUOU /6000 55 0(0 135.6 50 do-i 1)i
F -1fA 26000 t2bj3CO /C C c 1 t0I 15i. id 0- I
F-I(A 26C00 26 50 1 41UCC 11(1.0 to0 80-/ 5
F -IeCA 26C~O 2 t)d0U0 31? CC (08.8 t0 C-f Ic
F -ICtA i6C0U 2/U uC 10 o IC3 .0 t'( tJ-/ I
F-leA i6ccu 27000o 3iUcc 109 .I;5vtC-7
-I tA 2 C90 z I1LO 3(sUCC 102. 3 1) b0-i16

1--IfA it0 (10 co 520 1UC U It 14 a.5 0 b('-i 5
F- I fA i 60 C // 600 zilCC 96.4t U dO-/
F--ICA itOOO 1770u 4'Uco he'4.2 (I dO-i 5
I-- ICA itCoo /8100 4t1C 1I. 0cIII 80-i S
F-JtA itcoo 28300 125 c0 69.8 0 dC-/ S
F-lIetA 24000 3/1U00) 4 1 UCC 110U. 5 0 4L-/ I
F- I A 34000O 32'40L; 315CO 95.09 0 tic-I
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Table 2

(Conti1nue~d)

' OMMAKY W-~ tiAK-LJ A~ktA.IMENI DATA

Alc A/C A/C
A'VlFAW i IT GII Ouhu kNGApkLNT AD-UtI
W1 M111e kO(U ' MAXJMU1' )WfLI3 AlI 01! ANLI IkLl-h[LAL It'A

AIL LATIUk~Y * Lsi~t f1.JUKLAUARVE% 1IEST I-XOM kUIm.AY R kPUR I R~UN

A---A 4800U 47000U 4lucO 115.0 0J 69-1 12tj
A-A 3CO0 5 3U 0 U I L UC) 0 ZO U (ali- 140df

A - 2A iCCOO fjOOU 0 . 0c 121.0 315 t9-S 153
A- t t(COU hO 00(u 90U0 164. U U 69-S 1 /3
A - A -1C 0 0 /OU00 -3U00 8b6.0 U 69- 10$IZ~
A-20 10000 /0 000 5JU CO I 13 U 0 bl-3 209
A-2P tAcoo 131300 b9(3 (0 143.t 10 13-36 44
A-3A 15 NOO 5 00u fuLCO 143.0 75 13-ib 50
A-3A 51 C00 151500 4bOUCC 1111.c 15 13-36 lid
A-LA 53000(Iu 5,eU sC (C 12,e10 0 13-36 I
A-iL ff eC U 2 100O 1?4ccU 163.U P) 13-36 9'.
A-iL ifCOU 1u5U0 42LCC 119.U 0 73-Sb Ld
A -i LEC0 L/tn 6600 ite 0 0C 12u00 (3 ?3-36 3
A-iL iEfC)0 ?h400 500CC 129.0 0 13-Sb 21
A- iL 1eCOO le1100 540CC 13tsu U I J-36 6
A- iE 4100U ,UUtJ bIUG() 14010 to0 H5-36 1
A- sC 4 1090) 40700 141. IIt 0 U 73-3b 25

A-If 4100u 4150(' 5uOCO 122.0 75 73-3b Ii.
A-IC 41000 4#1400 470CC 11d.0 U 12-36 23
#--'.t 48000 44b00 64000 151.0 U 13-36 59

V-t 4P000 44f90( 800C0 IbZ.u 75 i3-36 61.
RP -4L W00 3500 4It40C L 114. 10 0 -3 Zu
MI--'. 418000 4700)0 2C Id dU 0 93 61I
R F - 4 41 COO /I1000U t) 1CC 1 51.0 0 69-3 9'.
F-ItA 14030U 309M0 i, i dC 110.0e 0 76-!) 3
F-1'A 3 400 so-1304) 653Cc 141.0 U 116-5 11L
F-iMA 34000 J lbou idiCC IcI.o 0 16-5 ge
V- I tA 3 4000 3.e000 519CC 13 1.10 0 76-5 6
F-ItA 4.1000 30500 484Co 11500 U If-5 13
F-ItA 41000 386b00U 413CO 102.0 35 7 :-5 19
1-1 A 41000 38900 15,5C0) 130.0 0 It-5 15
I -1 1A 41000l 39800 1 15 4 CC 142.0 0 1 t /-S 1 1
VI-t A 53000U 5 G2O /120C 14000 0 1 f-5 3 1
* -- I A '3 c 0 'Izboo 15 1)C c 122.0 SUI /-15 29
F-I A ~300o )- 3100 7u9CO 131.0 U ?6-15 J2
F--1!. 5 IsCUO 153500U 4UsCO 100.0 5u U6-5 28
VIt L -3C00 51300 69000 136.8 0 60-33 19
F-1ML ticoo 511500 ',4oCO 10 .1 60 OC-33 2,0

F-15L t 3000 5Z500 6bU00 119.1 40 80-31 Id
F-1MC 5 ICOU '1Z60O 149000 98.8 60 dC-33 Zcs
F--1 C S3C41 5 3b00 4.,900 103.0 40 80-33 11
I-M (~ CC W 575()( 15c20cc 113.1 40 BC-33 13

- I t 6CO W Sttb.4)0 46bu00 10. 14 140 8(;-33 ??
F_ I tc COCO00 59 (10 U W0CC 111.7 L5 IJC-33 I1L
I--_M 6C000 5900U0 1ticco 144.9 15 BC-33 13
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Table 2

(concluded)

,UMMAIRY UF tdAK-13 A~kki~1MkP,4 UATA

A/C A/C A/C

bit ICHI 6KU~S MAXIMUM SPiLt) At UISIANLI [tkCI-11LAt It I
A/L. LATILGUY atI GHT HUUIKLaA(i Aukk SrMlkft I FRU kUhb-AY ktLk ILm O
T'VFL (103 (L 1 (Lb8I (KId LENJ&k (V-TI hU"Otk NUIPt3l K

VA-JO0 34000 350ou zu CO 1 b0 /8-3
YA-10 04C OU 3500U 32400G (pd.0 U 16-1
YA-10 'tICCI 41200 614 ILC 121. 1 U Il-3
YA-l 1U 4COO '.1Z00 htjdC(' 1266 /8-3
YA-10 I lok 4,l 0 0 / JU CO 14 (.5 !)1 d
VA- lo A1000 ',L16O0 3615OU 9 1. 6 P Id-3 I i
VA- 1U 41C00 410 5'd 1CO 118.6 15 to8-3 ill
VA-l10 11 00 I 'It)uk) 0 b. 0Jc 1) 8- II'
VA-lU 1 1 IC 00 d 41600 77IJco 141.6 715 18-3 ,,
VA- 1 41 000 4#1U0 31A4J0 91)U U 18-3 1 (
YA-10 41COJU 4Z 10t) betiCO 12d1 50 16-3 ?L
VA-10 '9100L) '.2100 uitlO 14U.9 113 IE-3 ?i
YA-10 AM100 4.210 flc) 12.' U le53 2,q
YA-1U '.8000 4/40U 1. 18CC 1 13. 1 05 id-3 4
TA-u1 00 'O t I 00) bJ38CO I113.,3 50 iS-3 Ii
TA- 10 '9tSOou OU t/90U 15C 15d. 4 1 lb-3 11
YA-10 '911000 j t 410 518CC IZOOI 15 d-i i/
YA-U 10 800o 148000 b/9C;C 131).1 115 It-S j
VA-I1C 18000 I.t 8 81ILC 15 3.09 U /15-3 J6
YVA -1 -l 't0 w '8 0L 42Z6CC 100.5 115 ?8-3 11
TA- 10 48000 t '.) t 7 /OCo 1'8.1 50 115-3 SOi
YA-10 A 800 au 49100 h6 (1C 0 1142.9 115 1 t1- 3 ( 3
YA-u 10 FOCO 1492 b b'escU 12 3. 2 U 115-3 k
T A- 10 A4iOOU '9I) 66Ico l3n . u to0Id-3 .
V A- I U 4 ~C Oo 49' 1) It U u d. I t (0 /8-S
VA-10 4co 11 0950 L/(J tLICO 1h .5 U 115-S
TA- It 48COO 149800 501CO lit).3 j 18-3 i
YA-id4) Apooo 4,9tU' b/9L0 1140.9 SU Id-3 141



and/or a filter which clipped the peaks. There was an

instance where a strain gauge, intended to read pure

tension, was installed at a point on the tail hook where

bending was also present.

There were errors introduced into the test data

because the aircraft's fuel quantity measurement system

was inoperable and it was not possible to accurately

estimate the aircraft test weight.

There are uncontrollable variables in the functioning

of the barrier systems. The barrier preload cannot be

maintained accurately from one arrestment to another; The

tightness with which the barrier tapes are rewound onto

the reels cannot be maintained constant between arrest-
ments; The positioning of the cable supports varies
with each cable retraction.

Exclusion of Standard BAK-12 Data:

Some of the AFFTC Technical Reports on arrestmnent
test programs (Phase I Test and Evaluation of the BAK-13/
F48A Aircraft Arresting System, reference 1; Category II
F-1l1A Arresting Systems Compatibility Tests, reference
2; BAK-13 Aircraft Arresting System Phase II Test, ref-
erence 3) included a large number of reproductions of
the original strip chart records of hook load time his-
tories. These were invaluable in verifying the accuracy
of the original data reduction. However, the reports on

the Standard BAK-12 test programs (Category 11 A-7D
Arresting System Compatibility Tests, reference 4; F-SE
Standard BAK-12 Arresting System Compatibility Tests,

reference 5; BAK-12/E32A Portable Aircraft Arresting Bar-
rier, reference 6) did not include enough original data
so that this procedure could be used. Those strip chart
records that were included (references 5 and 6) revealed
some problems with sampling rates and data reading methods.
Therefore, the Standard BAK-12 data were excluded from

the analysis. Data points from the F-5E and A-7D BAK-12
barrier compatibility test programs are plotted in figures

Al and A3. The curves shown in Figure Al fit the Standard
BAK-12 data poorly. Use of these curves for regression
analysis of Standard BAK-12 data would result in extremely
conservative results. The curves in figure A3 fit the
Standard BAK-12 data much better but would also yield

excessively conservative results. Therefore, it is not
recommended that any of these curves be used for analyzing
Standard BAK-12 data.
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SELECTING THE BEST FITTING CURVE

The quest for a curve fitting equation was started
with the BAK-12ER data. It represented the results of
barrier tests with only four aircraft as opposed to 8
aircraft represented by the BAK-13 data. Consequently,
if hook load deviation was a function of inherent differ-
ences in aircraft, the BAK-12ER data should be more
compact and easier to curve fit than the BAK-13 data.
The effect that aircraft differences have on data disper-
sion is discussed later.

When the BAK-12ER data were listed in ascending order
of test weight it was noted that they fell into nine
clearly defined categories. The median values, in pounds,
for each of the categories, and the number of test points
in each category (in parentheses) are shown in table 3.

Table 3

BAK-12ER TEST WEIGHTS

Median I
Gross I Number
Weight I of Tests
(Pounds) I Conducted

18,500 9
26,500 22
34,000 25
40,000 13

49,500 7
54,000 12

60,000 10
80,000 5
90,000 4

As was stated earlier, the forms in which aircraft
weight (W) and engagement groundspeed (V) might appear in
an equation for hook load were not known. Initially it
was thought that weight and engagement groundspeed might
be related to maximum hook load by kinetic energy only
such that:

2
HL = f(KE) = f(WV ) (1)

where: HL = predicted maximum hook load (pounds)
W = aircraft weight (pounds)
V = aircraft groundspeed at engagement (ft/sec)
g = gravitational constant
f = arbitrary function
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Powever, this relationship requires hook load to be
directly proportional to weight for a given groundspeed.
Review of the data in tables 1 and 2 revealed the re-
lationship of weight, groundspeed and hook load to be
nearly the reverse of this: hook load varied nearly
directly with groundspeed for a given aircraft weight.

Many equations were written that complied with these
obvious relationships between hook load and the variables
W and V. Each one was fitted to the data in the least
square sense using regression analysis. To select the
best fitting curve a computer program was used that
determined the "residual errors" for each curve fit.
The residual errors were the differences between the
actual (observed) hook loads and those predicted by
regression analysis for the same groundapeeds. When
the residuals from each curve fit (each representing a
different hook load equation) were plotted versus ground-
speed and compared, the best fitting curve could be
selected. It was the one with the smallest, most evenly
distributed residuals.

The equation for the curve that best fitted the
entire mass of the- TAK-12ER data was:

I'L = BITAN(V/H 2 ) (2)

where: HL = predicted hook load (pounds)
Bi = 42,959.31 (sdy 43,000)
B 2 = 149.687 (say 150)
V = engagement groundspeed (knots)

Since weight did not appear in the equation the resultant
curve expressed the relationship between hook load and
groundspeeOI at the average of all the test weights;
approximately 50,000 pounds.

ADDING THE WEIGHT TERM

In order to generate a family of curves of hook load
versus groundspeed for a range of aircraft weights, it
was necessary to modify the equation. Its final form
was:

HIL = BITAN(V/B 2 )(I + TAN((W-50,000)/B 3 )) (3)

where: BI = 43,000
B2 = 150
B 3 = 450,452

V = engagement groundspeed (knots)
W = aircraft weight (pounds)
ML predicted maximum hook load (pounds)

30



The family of mean curves shown in figure 6 was con-
structed by plotting the values of hook load obtained by
solving this equation for various values of aircraft
weight and engagement groundspeed. The weights were
taken from table 3. The actual data points obtained
during the test programs are represented by symbols
which also identify the aircraft and the weights at
which they were arrested.

CONFIDENCE INTERVAl, ESTIMATES

The fact that the curves generated by the hook load
equation fitted their data :n the least square sense
meant that there were approximately the same number of
data points above and below the curves. Statistically
we could be confident of finding a data point lying
within one standard deviation of the curve 68.27 per-
cent of the time. This was not an adequate confidence
level, especially in the region where the curves crossed
the arresting hook design limit load line. As stated
earlier, ninety percent was selected as a satisfactory
confidence level. Any higher confidence level would
have resulted in excessive conservatism.

Hook load standard deviation varied with velocity
along the entire length of the curve because of the
difference in the number of tests conducted at each
speed. In order to define the confidence limits in
terms of hook load, it was necessary to first determine
the nature of this variation. To do this, the data were
assembled in ascending order of velocity and in groups
centered on their median values. The residuals (observe]
hook loads minus predicted hook loads) for each group
of velocities were then submitted to the computer for
determination of standard deviations. The standard devi-
ations thus obtained were multiplied by 1.645 to obtain
the 90 percent confidence limits. These were then plotted
versus groundspeed as the independent variable and an
approximating curve was fitted as shown in figure 7.
The 90 percent confidence curves of hook load versus
qroundspeed shown in figure 8 were constructed by adding
the 90 percent confidence limits (pounds) (taken from
figure 7) to corresponding hook load values predicted by
equation 3.

Figures Al through A9 in Appendix A show mean and
upper 90-percent confidence curves for each of the weight
categories tested with the BAK-12ER. The actual data
points associated with the curves are also shown. The
aircraft types represented by the data can be determined
by reference to figure 6. Figures Al and A3 also show
some standard BAK-12 data points.
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The family of curves shown in figure 8 are to be
used for predicting the maximum aircraft arresting hook
loads induced by the BAK-12ER barrier. Ninety percent
of actual test data will fall on or below the appropriate
upper confidence limit curve. Figure 8 can be used for
aircraft weighing between 20,000 and 80,000 pounds. How-
ever, greatest accuracy is obtained for aircraft weighing
approximately 40,000 through 60,000 punds.

HOOK LOAD EQUATION FOR BAK-13 DATA

Each of the equations that were fitted to the BAK-12ER
data were also tried on the BAK-13 data. In each case,
the curve fit was unsatisfactory due to excessively
large and/or poorly distributed residuals. Again, as
was true with the BAK-12ER data, the shape of the hook
load/groundspeed curve could not be predicted by inspection
of the scatter diagram generated by plotting the data
(figure 5).

The categories into whi.ch the BAK-13 test weights
fell were determined by following the procedure previously
used with the BAK-12ER data. Again there were nine weight
categories. The median weights (in pounds) for each
category and the number of test points in each category
(in parentheses) is listed in table 4. The 34,000 pound
category, having 34 points, was the largest in terms of
number of data points. When plotted, the resulting
scatter diagram revealed a linear relationship between
hook load and groundspeed, at least for this particular
aircraft weight and, assumably, for all the weights listed
in table 4. This linear relationship indicated that the
equation connecting the variables would be a first degree
polynomial of the form y = ao + alx. Several equations
of this form were tried and the one which best fitted the
data, having the lowest and most evenly distributed
residuals, was:

HL = B1 + B 2 W + (B3 + B4 W)V (4)

where: HL = predicted hook load (pounds)
B1 = -34,056
B2 = -0.012038
B 3 = 591.00
B 4 = 0.003;428
W = aircraft gross weight (pounds)
V = groundspeed at erngagement (knots)
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Table 4

BAK-13 TEST WEIGHTS

Median
Gross I Number

Weight I of Tests
(Pounds) Conducted

19,000 19
26,000 23
34,000 34
41,000 20
48,000 19
53,000 14
60,000 20
70,000 14
84,000 7

The family of mean curves shown in figure 9 was
constructed using this equation and the weights listed in
table 4. The actual test data are represented by symbols
which also identify the test aircraft and the test weights

BAK-13 CONFIDENCE INTERVALS

The 90 percent confidence intervals for the BAK-13
data were determined by following the same procedures
used with the BAK-12ER data. The standard deviations of
the hook load residuals were computed and were multiplied
by the 90 percent confidence coefficient (1.645) to
obtain the confidence limits. These were then plotted
versus groundspeed as the independent variable and an
approximating curve was fitted (figure 10) . The approxi-
mating curve which best fitted the confidence limit data
points in the least square sense was a straight line. Its
equation was:

C = ao + alV (5)

where: C = 90 percent confidence limit
a. = 5364.36 pounds (y intercept)
a1 = 6.18 (slope of line)
V = groundspeed (knots)

The family of 90 percent confidence curves of hook load
versus groundspeed shown in figure 11 was constructed by
adding C, as determined by equation 5 for selected values
of V, to the corresponding mean hook load predicted by
equation 4. The mean and ninety percent confidence
curves for the test weights listed in table 4 are shown
in figures B1 through B9 in Appendix B. The actual test
data points are also shown.
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The family of curves shown in figure 11 is to be
used for predicting BAK-13 hook loads. It can be used for
aircra'& weighing between 20,000 and 90,000 pounds within
the range of groundspeeds shown. Greatest accuracy is ob-
tained for aircraft weighing approximately 40,000 through
70,000 pounds.

ARRESTING HOOK DESIGN SPECIFICATION

Military specification MIL-A-83136 (reference 11) cov-
ers the design and installation of emergency arresting
hooks. It contains curves of hook load versus engaging
speed from which approximate maximum BAK-13 hook loads
are supposed to be obtained. These curves are reproduced
in figure 12. They are shown again in figure 13 with
the curves from figure 11 superimposed. There is little
agreement between the two sets of curves. So that MIL-
A-83136 can be corrected, copies of this document have
been made available to the preparing activity (Naval
Air Engineering Center, Lakehurst, NJ.).

OFFCENTER ARRESTMENT

All of the curves generated by the BAK-12ER and
BAK-13 hook load equations apply to both oncenter and
offcenter arrestments. Peak hook loads tend to be slightly
less during offcenter engagement but not signif! antly
so. The decrease in braking hook load results from an
increase in energy loss during the early, dynamic phase
of the arrestment when the airplane is sometimes yawing
and skidding. The reduced hook load is accompanied by
an increase in nose landing gear side loading. This
factor may require reduced engagement speeds for offcenter
arrestments.

AIRCRAFT DIFFERENCES AND THEIR EFFECT ON DATA DISPERSION

Some of the dispersion in arrestinq hook load data
can be attributed to inherent differences in aircraft.
Some aircraft have more aerodynamic drag than others:
some have more rolling friction due to a large footprint
or dragging brakes; some aircraft engines have more idle
thrust than others.

Aerodynamic drag and rolling frictlin aid in slowinq
the aircraft and in so doing cause a slight reduction in
arresting hook loading. Engine thrust adds directly to
the tail hook loads. With some aircraft, especially
those with two engines, idle thrust can amount to several
thousand pounds. It takes more time for the thrust of
some engines to decay in response to the throttle that
others. Hence, the thrust can still be significantly
above the idle value at the point in the runout where
maximum hook load occurs.
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Figure 12 Curves of Aircraft Arresting Hook Loads Versius
Cable Engaging Speed for the BAK-13 Arresting
System (takor~f from MIL-A-83136)
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These factors, combined with the inconsistencies coin-
mitted during data acquisition and reduction, are respon-
sible for some of the dispersion present in the tail
hook load data.

Minimizing Data Dispersion Caused by Aircraft
Differences:

The effect of engine residual thrust on hook load
can be minimized by timely throttle reduction. This
means that, during a test engagement, the pilot may have
to overshoot his target-speed and retard the throttle
before reaching the barrier, thus allowing more time for
thrust reduction.

The effect of aerodynamic drag on hook loads can be
controlled by consistent use of high-lift, high-drag
devices such as flaps and speedbrakes. For instance,
speedbrakes were extended during F-15 tail hook testing
but were not used during F-16 testing. This inconsistency
did not adversely effect the results of either test
program but it did increase the overall dispersion when
the data were combined.

Surface winds at the barrier test facility are almost
always tail winds. This effect tends to increase hook
loads slightly, especially for unclean airplanes, i.e.,
those with external stores, extended flaps/speedbrakes.
Consistency is the keyword here.

Headwinds are to be avoided during barrier testing,
especially at the higher speeds. This is because the
target groundspeed plus the headwind component could
exceed the takeoff speed for the aircraft. Also, if
the wind should abate abruptly during a test run the
aircraft groundspeed could exceed the critical limit.
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SUMMARY

This document has traced the progress of a study
which was conducted to develop curve fitting routines for
BAK-12ER and BAK-13 aircraft arresting barrier data. The
routines which resulted were used to create families
of curves which expressed the relationship between air-
craft barrier engagement speed and maximum aircraft hook
loading for a range of aircraft weights.

The end products of the study are the curve families
shown in figures 8 and 11. With these curves and a
knowledge of the barrier type, the aircraft weight, and
the design load limit of the aircraft arresting hook,
the critical arrestmenr. speeds can be predicted with
90 percent confidence. Figure 8 is for use with the BAK-
12ER barrier. It can be used for predicting conservative
hook load limit speeds for aircraft weighing between
20,000 and 80,000 pounds. Figure 11 is for the BAK-13
barrier. With it, conservative hook load limit speeds
can be predicted for aircraft weighing between 20,000 and
90,000 pounds.

During the conduct of an aircraft/barrier compati-
bility test program the test data (hook load and ground-
speed) should be plotted on the appropriate curve from
figure 8 or II. If the data points all fall below the
curve the test conductor can feel confident in the
accuracy of his data. However, he should review with
caution any test data that fall above the curve. In the
final analysis no more than ten-percent of the points
should fall above the curve. In the case where this law
is violated the test procedures should be suspect.

Be mindful of the fact that the curves in figure S
and 11 apply only to the standard BAK-13 and the extendeu
runout version of the BAK-12. They cannot be used to
predict hook loading from other arresting systems.
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APPEWDIX A

CURVES OF PREDICTED MAXIMUM AIRCRAFT ARRESTING

HOOK LOADING VERSUS AIRCRAFT GROUNDSPEED AT

CABLE ENGAGEMENT FOR BAK-12ER BARRIER
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APP99DIX 9

CURVES OF PREDICTED M"~IMUM AIRCRAFT ARRESTING

HOOK LOADING VERSUS AIRCRAFT GROUNDSPEXD AT

CABLE ENGAG19MENT FOR BAK-13 BARRIERS
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